(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
14.07.2004 Bulletin 2004/29 

(21) Application number: 97919222.6 

(22) Date of filing: 02.05.1997 



(H) EP 0 959 811 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int CI J; A61F2/06 



(86) International application number: 
PCT/CA1 997/000294 

(87) International publication number: 

WO 1 997/041 803 (1 3.1 1 .1 997 Gazette 1 997/49) 



(54) BIFURCATED STENT AND METHOD FOR THE MANUFACTURE OF SAME 
STENT MIT ABZWEIGUNG UND DESSEN HERSTELLUNGSVERFAHREN 
EXTENSEUR A DEUX BRANCHES ET METHODE DE FABRICATION DE CE DERNIER 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

Designated Extension States: 
AL LT LV RO SI 

(30) Priority: 03.05.1996 CA 2175720 

(43) Date of publication of application: 
01 .1 2.1 999 Bulletin 1 999/48 

(73) Proprietor: EVYSIO MEDICAL DEVICES ULC 
Vancouver, British Columbia V6H 1 C3 (CA) 

(72) Inventors: 
• PENN, Ian, M. 
Vancouver, Brrtisch Columbia V6R 4E9 (CA) 



• RICCI, Donald, R. 

Vancouver, British Columbia V6R 1Z6 (CA) 

• SHUKOV, George, A. 
Los Altos, CA 94022 (US) 

(74) Representative: Plougmann & Vingtoft A/S 
Sundkrogsgade 9, 
P.O. Box 831 

2100 Copenhagen O (DK) 



(56) References cited: 
WO-A-94/00179 
US-A-2 479 578 
US-A- 4 994 071 



WO-A-96/34580 
US-A- 3 993 078 
US-A- 5 342 387 



BEST AVAILABLE COPY 



oo 

q> 

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement, ft shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



O) 

o 

Q. 
LU 



Printed by Jouve, 76001 PARIS (FR) 



EP0 959 811 B1 



Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a bifurcated stent and to a method for the manufacture of a bifurcated stent. 
BACKGROUND ART 

[0002] Stents are generally known. Indeed, the term "stent" has been used interchangeably with terms such as 
10 "intraluminal vascular graft" and "expansible prosthesis". As used throughout this specification the term "stent" is in- 
tended to have a broad meaning and encompasses any expandable prosthetic device for implantation in a body pas- 
sageway (e.g., a lumen or artery). 

[0003] In the past six to eight years, the use of stents has attracted an increasing amount of attention due the potential 
of these devices to be used, in certain cases, as an alternative to surgery. Generally, a stent is used to obtain and 
15 maintain the patency of the body passageway while maintaining the integrity of the passageway. As used in this spec- 
ification, the term "body passageway" is intended to have a broad meaning and encompasses any duct (e.g., natural . 
or iatrogenic) within the human body and can include a member selected from the group comprising: blood vessels, 
respiratory ducts, gastrointestinal ducts and the like. 

[0004] Initial stents were self-expanding, spring-like devices which were inserted in the body passageway in a con- 
20 traded state. When released, the stent would automatically expand and increase to a final diameter dependent on the 
size of the stent and the elasticity of the body passageway. Such stents are known in the art as the Wallstent™. 
[0005] The self-expanding stents were found by some investigators to be deficient since, when deployed, they could 
place undue, permanent stress on the walls of the body passageway. This lead to the development of various stents 
which were control lably expandable at the target body passageway so that only sufficient force to maintain the patency 
25 of the body passageway was applied in expanding the stent. 

[0006] Generally, in these later systems, a stent, in association with a balloon, is delivered to the target area of the 
body passageway by a catheter system. Once the stent has been properly located (the target area of the body pas- 
sageway can be filled with a contrast medium to facilitate visualization during fluoroscopy), the balloon is expanded 
thereby expanding the stent, e.g. by plastic deformation of the stent structure, so that the latter is urged in place against 
30 the body passageway. As indicated above, the amount of force applied is at least that necessary to maintain the patency 
of the body passageway. At this point, the balloon is deflated and withdrawn within the catheter, and subsequently 
removed. Ideally, the stent will remain in place and maintain the target area of the body passageway substantially free 
of blockage (or narrowing). 

[0007] A stent which has gained some notoriety in the art is known as the Palmaz-Schatz™ Balloon Expandable 
35 stent (hereinafter referred to as "the Palmaz-Schatz stent"). This stent is discussed in a number of patents including 
United States patents 4,733,665, 4,739,762, 5,102,417 and 5,316,023. 

[0008] Another stent which has gained some notoriety in the art is known as Gianturco-Roubin Flex-Stent™ (here- 
inafter referred to as "the Gianturco-Roubin stent"). This stent is discussed in a number of patents including United 
States patents 4,800,882, 4,907,336 and 5,041 ,126. 
40 [0009] Other types of stents are disclosed in the following patents: 

United States patent 5,035,706 (Gianturco et al.), 
United States patent 5,037,392 (Hillstead), 
United States patent 5,147,385 (Beck et al.), 
45 United States patent 5,282.824 (Gianturco), 
Canadian patent 1 ,239,755 (Wallsten), and 
Canadian patent 1 ,245,527 (Gianturco et al.). 

[0010] All of the stents described in the above-identified patents share the common design of being mono-tubular 
50 and thus, are best suited to be delivered and implanted in-line in the body passageway. These known stents are 
inappropriate for use in a bifurcated body passageway (e.g. a body passageway comprising a parent passageway that 
splits into a pair of passageways). Further, these stents are inappropriate for use in a body passageway having side 
branches since: (i) accurate placement of the stent substantially increases the risk to the patient, (ii) the risk of pas- 
sageway closure in the side branches is increased, and (iii) the side branches will be substantially inaccessible. 
55 [0011] Indeed the Physician Guide published in support of the Palmaz-Schatz stent states on page 32: 

" ... no attempt should be made following placement of a PALMAZ-SCHATZ stent to access the side branch with 
a guide wire or a balloon, as such attempts may result in additional damage to the target vessel or the stent. 
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. Attempts to treat obstructed side branches within stented segments can result in balloon entrapment, necessitating 
emergency bypass surgery." 

Thus, when installed, the Palmaz-Schatz stent admittedly shields side branches emanating from the target area of the 
5 body passageway effectively permanently. This can be problematic since the only way to treat blockage or other prob- 
lems associated with the side branches is to perform the type of surgery which installation of the stent was intended 
to avoid. 

[001 2] This contraindication for conventional mono-tubular stents is corroborated by a number of investigators. See, 
for example, the following: 

w 

1. interventional Cardiovascular Medicine: Principles and Practice (1994); Publisher Churchill Livingstone Inc.; 
pages 221 -223 (Ohman et al.), 487-488 (Labinaz et al.), 667-668 (Bashore et al.) and 897 (Bailey et al.), including 
references cited therein; 

15 z, Gianturco-Roubin Flex-Stent™ Coronary Stent: Physicians Guide; page 2, Paragraph 3 under WARNINGS; 

3. Circulation, Vol. 83, No. 1 , January 1991 (Schatz et al.); entitled "Clinical Experience With the Palmaz-Schatz 
Coronary Stent"; pages 148-161 at page 149; and 

20 4. American Heart Journal, Vol. 127, No. 2, February 1994 (Eeckhout et al.); entitled "Complications and follow- 

up after intracoronary stenting: Critical analysis of a 6-year single-center experience"; pages 262-272 at page 263. 

[0013] Further, some investigators have attempted to install individual stents in each branch of the bifurcated body 
passageway. However, this approach is fraught with at least two significant problems. First, implantation of three indi- 
es vidual stents, together with the expansive forces generated upon implantation results in subjecting the central walls of 
the bifurcated body passageway to undue stress which may lead to post-procedural complications. Second, since the 
central walls of the bifurcated body passageway are not supported by the individual stents, this area of the passageway 
is left substantially unprotected and susceptible to blockage. 

[001 4] One particular problem area with bifurcated body passageways is the occurrence of bifurcation lesions within 
30 the coronary circulation. Generally, these legions may be classified as follows: 





Type 


Characteristic 




A 


Prebranch stenosis not involving the ostium of the side branch; 


35 


B 


Postbranch stenosis of the parent vessel not involving the origin of the side branch; 




C 


Stenosis encompassing the side branch but not involving the ostium; 


40 


D 


Stenosis involving the parent vessel and ostium of the side branch; 




E 


Stenosis involving the ostium of the side branch only; and 


45 


F 


Stenosis discretely involving the parent vessel and ostium of the side branch. 



See Atlas of Interventional Cardiology (Popma et al.), 1 994, pages 77-79. The presence of bifurcation lesions is pre- 
dictive of increased procedural complications including acute vessel closure. 

[0015] Detailed classification of other bifurcated body passageways is relatively undeveloped given the lack of non- 
50 surgical treatment approaches. 

[0016] United States patent 4,994,071 (MacGregor) discloses a bifurcating stent apparatus. The particular design 
incorporates a series of generally parallel oriented loops interconnected by a sequence of "half-birch" connections. 
The lattice structure of the illustrated stent is constructed of wire. The use of such wire is important to obtain the loop 
structure of the illustrated design. The use of a wire loop construction is disadvantageous since it is complicated to 
55 manufacture and the resulting stent is subject to expansion variability (e.g. variable post-expansion distortion and the 
like). 

[0017] United States patents 3,993.078 (Bergentz et al.) and 5,342,387 (Summers) also disclose and illustrate a 
bifurcated stent design constructed of wire. These designs suffer from the same disadvantages as the design described 
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in the previous paragraph. 

[0018] It would be desirable to have a reliable, expandable bifurcated stent since this would be useful in treating 
aneurysms, blockages and other ailments. It would be further desirable to have a practical method for producing such 
a stent. It would also be desirable if such a stent was relatively easy to install. 

5 

DISCLOSURE OF THE INVENTION 

[0019] It is an object of the present invention to provide a novel expandable bifurcated stent which obviates or miti- 
gates at least one of the above-mentioned disadvantages of the prior art. 
w [0020] It is another object of the present invention to provide a novel method for the manufacture of an expandable 
bifurcated stent. 

[0021] Accordingly, in one of its aspects, the present invention provides an expandable bifurcated stent as defined 
in claim 1 . 

[0022] In yet another of its aspects, the present invention provides a method as defined in claim 8 for production of 

'5 a bifurcated stent as defined in any one of claims 1 -7. 

[0023] Thus, an aspect of the present invention relates to the provision of an expandable bifurcated stent constructed 
of a tubular wall having a porous surface. As used throughout this specification, the term "tubular wall", when used in 
relation to a stent, is intended to mean a substantially cylindrical tube which subsequently has been subjected to an 
etching (e.g. by laser, chemical or other suitable means) or similar technique to remove pre-selected portions of the 

20 cylindrical tube thereby providing a porous surface on the tube - this is distinct from a stent constructed of wire bent 
to a selected shape/design. 

[0024] As used throughout this specification, the term "bifurcated stent" is intended to have a broad meaning and 
encompasses any stent having a primary passageway to which is connected at least two secondary passageways. 
Thus, trifurcated stents are encompassed herein. Further, one of the secondary passageways can be a continuation 
25 of the primary passageway with the result that the other secondary passageway is essentially a side branch to the 
primary passageway. 

[0025] The Applicant's have also discovered that various repeating patterns in the porous surface.of the tubular wall 
are particularly advantageous. Generally, the repeating pattern is a polygon having a pair of side walls substantially 
parallel to the longitudinal axis of the stent passageway in question, a first concave-shaped wall and a second convex- 
30 shaped wall connecting the side walls. The various repeating patterns which are useful in the context of the present 
invention are disclosed in the following patent applications filed in the name of the assignee of the present invention: 

Canadian patent application number 2,1 34,997 (filed November 3, 1 994); 
Canadian patent application number 2,1 71 ,047 (filed March 5, 1996); 
35 Canadian patent application number 2,1 75,722 (filed May 3, 1 996); 

Canadian patent application number 2,185,740 (filed September 17, 1996); 
International patent application WO-A-97 32543 (filed March 5, 1997); and 
International patent application WO-A-97 32544 (filed March 5, 1997); 

40 (hereinafter collectively referred to as the "Divysio patent applications"). 

[0026] The present bifurcated stent may be constructed from any suitable starting material. Preferably, the starting 
material is a thin tube of a metal or alloy (non-limiting examples include stainless steel, titanium, tantalum, nitinol, 
Elgiloy, NP35N and mixtures thereof) which would then have sections thereof cut or etched out to leave a repeating 
pattern, inter alia , such as one or more of those disclosed in the Divysio patent applications. 

45 [0027] The stent of the present invention may further comprise a coating material thereon. The coating material may 
be disposed continuously or discontinuously on the surface of the stent. Further, the coating may be disposed on the 
interior and/or the exterior surface(s) of the stent. The coating material may be one or more of a biologically inert 
material (e.g. to reduce the thrombogenicity of the stent), a medicinal composition which leaches into the wall of the 
body passageway after implantation (e.g. to provide anticoagulant action, to deliver a pharmaceutical to the body 

50 passageway and the like) and the like. 

[0028] The stent is preferably provided with a biocompatible coating, in order to minimize adverse interaction with 
the walls of the body vessel and/or with the liquid, usually blood, flowing through the vessel. The coating is preferably 
a polymeric material, which is generally provided by applying to the stent a solution or dispersion of preformed polymer 
in a solvent and removing the solvent. Non-polymeric coating material may alternatively be used. Suitable coating 

55 materials, for instance polymers, may be polytetraflouroethylene or silicone rubbers, or polyurethanes which are known 
to be biocompatible. Preferably, however, the polymer has zwitterionic pendant groups, generally ammonium phos- 
phate ester groups, for instance phosphoryl choline groups or analogues thereof. Examples of suitable polymers are 
described in published International patent applications WO-A-93/1 6479 and WO-A-93/15775. Polymers described in 
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those specifications are hemo-compatible as well as generally biocompatible and, in addition, are lubricious. When a 
biocompatible coating is used, It is important to ensure that the surfaces of the stent are completely coated in order to 
minimize unfavourable interactions, for instance with blood, which might lead to thrombosis. 
[0029] This good coating can be achieved by suitable selection of coating conditions, such as coating solution vis- 
5 cosity, coating technique and/or solvent removal step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Embodiments of the present invention will be described with reference to the accompanying drawings wherein 
io like numerals designate like parts and in which: 

Figure 1 illustrates a side elevation of a bifurcated stent in accordance with the present invention; 
Figures 2-4 illustrate a first embodiment of a method for production of a bifurcated stent; 
Figure 5 illustrates a second embodiment of a method for production of a bifurcated stent; 
is Figures 6a and 6b illustrate a post-treatment of a bifurcated stent which has been produced according to the 

methods illustrated in Figures 2-5; 

Figures 7 and 8 illustrate a third embodiment of a method for production of a bifurcated stent; 

Figure 9 illustrates a post-treated bifurcated stent which has been produced according to the method illustrated in 

Figures 7 and 8; 

20 Figures 10 and 11 illustrate a fourth embodiment of a method for production of a bifurcated stent; 

Figure 12 illustrates a cross-section of a bifurcated body passageway into which the a bifurcated stent produced 
according to the present method of manufacture is being delivered; 

Figure 13 illustrates a cross-section of a bifurcated body passageway in which the bifurcated stent is positioned 
in a first, contracted position; 

25 Figure 14 illustrates a cross-section of a bifurcated body passageway in which the bifurcated stent is positioned 

in a second, expanded position; 

Figures 15 and 16 illustrate a side elevation of another bifurcated stent in accordance with the present invention; 
Figures 17-22 illustrate various preferred features of the bifurcated stent illustrated in Figures 15 and 16. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

[0031] With reference to Figure 1 , there is illustrated a stent 10. Stent 10 comprises a proximal end 15 and a distal 
end 20. Proximal end 15 comprises a primary passageway 25. Distal end 20 comprises a pair of secondary passage- 
ways 30,35. Secondary passageways 30,35 are connected to primary passageway 25 at an intersection point 40. 
35 [0032] As will be apparent to those of skill in the art, stent 10 incorporates the porous surface design illustrated in 
Canadian patent application number 2,134,944, referred to above. As discussed above, this design may be varied to 
incorporate other designs such as those disclosed in the other Divysio patent applications. 

[0033] With reference to Figures 2-4, an embodiment of the present method for production of a bifurcated stent is 
illustrated. For ease of illustration, the porous surface of the tubular wall of the stent is not illustrated. 

40 [0034] As illustrated, a first stent section 45 comprises a cylindrical tube having a bevelled cut 50 made adjacent 
one end of the cylindrical tube. Those of skill in the art will recognize that bevelled cut 50 may be incorporated into first 
stent section 45 during or after the production of first stent section 45. Specifically, it is possible to produce first stent 
section 45 having a pre-selected porous design which includes bevelled cut 50 via a computer programmable, high 
precision laser etching technique. Alternatively, it is possible to use another etching technique to produce first stent 

45 section 45 without bevelled cut 50 and thereafter use a precision jig or other means to cut first stent section 45 to 
produce bevelled cut 50. 

[0035] Similarly, a second stent section 55 is provided and includes radial cuts 56,57 and a longitudinal cut 58. Radial 
cuts 56,57 and longitudinal cuts 58 may be produced in second stent section 55 in the manner discussed in the previous 
paragraph with respect to the production of bevelled cut 50 in first stent section 45. Thereafter, a flap portion 51 of first 
so stent section 45 is folded away from bevelled cut 50. Similarly, a pair of flap 52,53 are folded away from longitudinal 
cut 58 to expose an opening 54. 

[0036] First stent section 45 is then lowered to cover opening 54 of second stent section 55. Flaps 52,53 are folded 
to overlap a portion of first stent section 45. Flap 51 is folded to overlap a portion of second stent section 55. With 
reference to Figure 4, it is particularly preferred to adapt the geometry of flaps 52,53 of second stent section 55 such 
55 that various of the struts disposed in flaps 52,53 overlap with or are juxtaposed (in plan view) along at least a portion 
of the length thereof with the struts on first stent section 45 (this is illustrated in more detail hereinbelow with reference 
to Figure 16). Preferably, the degree of such overlap or juxtaposition is sufficient to: 
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(i) facilitate affixing the flaps 52,53 of second stent section 55 to first stent section 45; 

(ii) achieve uniform expansion of the stent junction without occurrence of substantial distortion; and 

(iii) avoid the occurrence of "stent trap" or "stent jail" (usually the result of cracking, buckling or other distortion at 
the junction of a deployed bifurcated stent making difficult or impossible to deliver a further stent through the stent). 

5 

[0037] At this point, the flaps may be secured to the respective stent sections by any suitable means such as spot 
welding (e.g. by a laser or other suitable means), loops, clips and the like. The preferred method of affixing the flaps 
to the respective stent section is to spot weld them. 

[0038] A particular advantage of the process illustrated in Figures 2-4 is that intersection point 40 (Figure 1 - over- 
10 lapping flaps not illustrated for clarity) of the resulting stent is reinforced by virtue of disposition of the flaps overlapping 
a portion of the respective stent sections. 

[0039] As will be apparent to those of skill in the art, in certain circumstances, it may be possible and even desirable 
to reduce the size of or even eliminate flap 51 . Further, in certain circumstances, it may be possible or ever desirable 
to trim one or both of flaps 52,53 prior to connection of first stent section 45 to second stent section 55. 

15 [0040] With reference to Figure 5, there is illustrated another embodiment of the present method for manufacture of 
a bifurcated stent. In this embodiment, flap 51 (Figures 2 and 3) is simply cut away from first stent section 45a. Further, 
an oval opening 54a is cut into second stent section 55a (i.e, there are no flaps affixed to second stent section 55a). 
Stent section 45a is then lowered on and connected to second stent section 55a. First stent section 45a and second 
stent section 55a may be connected to another in the manner described hereinabove with reference to Figure 2-4. 

20 [0041] With reference to Figure 6a, there is illustrated the stent produced by the methods illustrated in Figures 2-5. 
During production of the stent, it is desirable to minimize the angle between first stent section 45 and second stent 
section 55. Even with this effort, it is preferred that the adjacent termini of first stent section 45 and section stent section 
55 are subjected to application of gentle squeezing or other sufficient force in the direction of arrows A to facilitate 
catheterization of the stent. The result of such post-production treatment of the stent is illustrated in Figure 6b. 

25 [0042] With reference to Figures 7 and 8, there is illustrated yet another embodiment of the present method for 
manufacture of a bifurcated stent. In this embodiment, a pair of first stent sections 45b are secured or affixed to one 
another. Thereafter, an apex portion 46b of the resulting construction is removed exposing an opening 54b. A second 
stent section 55b is then connected to opening 54b provided by the combination of first stent sections 45b. The manner 
of securing second stent section 55b to the periphery of opening 54b created by first stent sections 45b is not particularly 

30 restricted and may be effected as discussed hereinabove. As will be appreciated by those of skill in the art, it is possible 
and, in certain circumstances, desirable, to have one or more flaps on one or move of first stent sections 45b and 
second stent section 55b. Such flaps would be used in the manner discussed hereinabove in respect of Figures 2-4 
to overlap a portion of the opposite stent section. 

[0043] With reference to Figure 9, there is illustrated the stent produced according to the method illustrated in Figures 
35 7 and 8 after post-treatment in the manner discussed above in respect of Figures 6a and 6b. That is, first stent sections 
45b are subjected to application of gentle squeezing or other sufficient force in the direction of arrows B to facilitate 
catheterization of the stent. 

[0044] With reference to Figures 10 and 11 , there is illustrated yet another embodiment of the present method for 
manufacture of a bifurcated stent. In this embodiment, a first stent section 45c is provided with an opening 54c. A 

40 second stent section 55c is provided with an opening 56c. Second stent section 55c has a diameter slightly less than 
that of first stent section 45c. The difference in diameter between first stent section 45c arid second stent section 55c 
is sufficient to enable coaxial movement of the stent sections with respect to one another without causing damage to 
either stent section. ^ 
[0045] As illustrated by arrow C in Figure 1 0, the end of second stent section 55c is coaxially fed into an end of first 

^5 stent section 45c. Once the leading end of second stent section 55c reaches opening 54c of first stent section 45c, it 
is pulled through opening 54c as illustrated by arrow D in Figure 1 0. Second stent section 55c is pulled through opening 
54c until opening 56c is aligned with opening 54c - this is illustrated by dashed oval E in Figure 11 . 
[0046] When practising the method illustrated in Figures 10 and 11 , care should be taken to design openings 54c 
and 56c so that they are in alignment when the trailing end of second stent section 55c is flush with the trailing end of 

50 first stent section 45c. Further, region F (Figure 11) of the resulting bifurcated stent is "double reinforced" since it 
contains a coaxial disposition of first stent section 45c and second stent section 55c. Accordingly, it is possible and, 
in some cases even desirable, to modify the design of the respective stent sections in this region so that the overall 
expansion and relative flexibility/rigidity of the stent in this region is commensurate with that of the remaining portion 
of the stent (i.e. the secondary passageways which branch off from region F in Figure 11). 

55 [0047] While the embodiment illustrated in Figures 1 0 and 1 1 illustrates the resultant bifurcated stent having a coaxial, 
overlapping arrangement of stent sections flush at one end, it will be appreciated by those of skill in the art that the 
length of first stent section 45c or second stent section 55c may be shortened thereby minimizing the size of region F 
in Figure 11. 
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[0048] With reference to Figures 12-14, there is illustrated a bifurcated body passageway 1 50 comprised of a prox- 
imal passageway 155 and a pair of distal passageways 160,165. As illustrated, bifurcated body passageway 150 
comprises a Type "D" Bifurcation lesion having characteristic blockages 1 70,1 75,1 80. 

[0049] Stent 1 0 is delivered to bifurcated body passageway 1 50 in the following manner. Initially, a pair of guidewires 
5 185,190 are inserted into proximal passageway 155 such that guidewire 185 enters distal passageway 160 and 
guidewire 190 enters distal passageway 165. The manner by which the guidewires are inserted is conventional and 
within the purview of a person skilled in the art 

[0050] As illustrated, stent 10 is positioned in association with a pair of catheters 1 95,200 (for clarity, the interior of 
stent 1 0 is not shown). Catheter 1 95 has associated with it a balloon 205. Catheter 200 has associated with it a balloon 

10 210. Balloons 205,21 0 substantially fill primary passageway 25 of stent 10. Balloon 205 substantially fills secondary 
passageway 30 of stent 1 0. Balloon 21 0 substantially fills secondary passageway 35 of stent 1 0. 
[0051] The stent/catheter/balloon combination is delivered through proximal passageway 155 with the aid of 
guidewires 185,190. As the stent/catheter/balloon combination approaches distal passageways 160,165, predisposi- 
tion of guidewires 185,190 serves to separate secondary passageways 30,35 to be disposed in distal passageways 

15 160,165, respectively. Thus, as illustrated in Figure 13, stent 10 is positioned in place. 

[0052] Once stent 10 is in position, balloons 205,210 are expanded resulting in implantation of stent 1 0 in the cor- 
responding interior surfaces of proximal passageway 155 and distal passageways 160,165. Upon implantation of stent 
1 0. balloons 205,21 0 are collapsed. Thereafter, catheters 1 95,200 and guidewires 1 85,1 90 have been removed leaving 
the implanted stent 10 shown in Figure 14. As illustrated in Figure 14, blockages 170.175,180 are bulged radially 

20 outwardly in combination with the appropriate portions of proximal passageway 1 55 and distal passageways 1 60,1 65 
resulting in a reduction in the overall blockage in bifurcated body passage 150. 

[0053] It will be apparent to those of skill in the art that implantation of stent 1 0 can be accomplished by various other 
means. For example, it is contemplated that it is possible to substitute the pair of catheter/balloon combinations illus- 
trated in Figures 12 and 13 with a single, bifurcated catheter/balloon design which mimics the design of the stent. Thus, 

25 in this modification, the balloon and guidewire would be design to mimic the bifurcated design of the stent. As further 
alternative, it is contemplated that the stent can be made of a suitable material which will expand when bifurcated body 
passageway 150 is flushed with a liquid having an elevated temperature (e.g. 150°F-160°F). Further, stent 10 can be 
designed to expand upon the application of mechanical forces other than those applied by a balloon/catheter. Still 
further, stent 10 can be designed self-expanding (e.g. by constructing stent from material such as nitinol and the like) 

30 to be implanted as described above. In this embodiment, the radially outward force exerted on the stent would be 
generated within the stent itself. 

[0054] With reference to Figures 1 5-22, there is illustrated another preferred bifurcated stent in accordance with the 
present invention. As will be apparent to those of skill in the art, the stent illustrated in Figures 15-22 shares many of 
the features of stent 10 illustrated in Figure 1 . 

35 [0055] Thus, with reference to Figures 15 and 16, there is illustrated a stent 100. Figure 15 is a side elevation of 
stent 100 without the porous surface illustrated (for clarity). Figure 1 6 is a side elevation of an enlarged portion of stent 
100 with the porous surface illustrated. Stent 100 comprises a proximal end 102 and a distal end 104. Proximal end 
102 comprises a primary passageway 103. Distal end 104 comprises a pair of secondary passageways 105,106. 
Secondary passageways 105.106 are connected to primary passageway 103 at an intersection point 107 - the nature 

40 of intersection point 107 will be further discussed hereinbelow. It is intersection point 107 which distinguishes stent 
100 in Figure 16 from stent 10 in Figure 1 . 

[0056] As will be apparent to those of skill in the art, stent 100 incorporates the porous surface design illustrated in 
Canadian patent application number 2,134,944, referred to above. As discussed above, this design may be varied to 
incorporate other designs such as those disclosed in the other Divysio patent applications. 
45 [0057] With reference to Figures 1 7-1 9, manufacture of stent 1 00 will be discussed. Generally, the manufacture of 
stent 100 is similar to the manufacture of stent 10 illustrated in Figures 1-4 and discussed hereinabove. The principle 
difference in the manufacture of stent 100 is the use of a modified first stent section 108. 

[0058] First stent section 1 08 is constructed from a substantially cylindrical tube 1 09. A porous surface 1 1 0 is disposed 
on a major portion of cylindrical tube 1 09. A first connection tab 1 1 1 and a second connection tab 1 1 2 are also disposed 

50 on cylindrical tube 109. As discussed hereinabove, it is possible to produce first section 108 comprising porous 110, 
first connection tab 111 and second connection tab 112 using computer programmable, high precision laser etching 
techniques or by other etching techniques in combination with precision jig techniques. This results in an end of porous 
surface 110 comprising first connection tab 1 11 , second connection tab 112 and a bevelled edge 113. The product of 
the cutting techniques is illustrated in Figure 18. 

55 [0059] Figure 1 9 is an enlarged perspective view of a portion of first connection tab 111 (second connection tab 112 
is preferably the same). As illustrated, first connection tab 111 comprises a stem 114 and a head 115. Preferably, stem 
114 and/or head 115 are curved to have a shape complementary to the outer surface of the second section to which 
first stent section 108 is connected (discussed in more detailed hereinbelow). Stem 114 and head 115 comprise a 
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plurality of slots 116 disposed therein. Slots 116 may be disposed in stem 114 and head 115 by the use of a computer 
programmable, high precision laser as described above. Preferably, slots 116 are disposed throughout the thickness 
of stem 1 14 and head 115. Slots 1 1 6 may have a straight or tapered cross-section. Preferably, slots 1 1 6 have a thickness 
in the range of from about 0.0015 to about 0.10 mm (0.004 inches). Head 115 further comprises solid (i.e., slot-free or 

5 non-porous) regions 1 1 7,1 1 8. 

[0060] Thus, in the embodiment illustrated in Figure 1 9, slots 1 1 6 serve to form a porous surface in first connection 
tab 1 1 1 (second connection tab 1 1 2 is preferably the same). While it is preferred to have such a porous surface disposed 
in the connection tabs, the precise nature of the porosity is not particularly restricted. The provision of a porous surface, 
particularly at head 115, facilitates expansion of the connection tab while minimizing or avoiding the occurrence of 

10 cracking or distortion. 

[0061] After the production of first stent section 108, first connection tab 111 and second connection tab 112 are bent 
or otherwise moved to be substantially colli near with the periphery of bevelled edge 113 (i.e., as illustrated in Figure 
1 1 8). At this point, first stent section 1 08 may be connected to another stent section of a design similar to second stent 
section 55 discussed hereinabove with reference to Figures 2-4 - see intersection point 107 in Figure 16. in this em- 

15 bodiment, as in the embodiments illustrated in Figures 2-4, it is preferred to adapt the geometry of flaps 52;53 of second 
stent section 55 such that various of the struts disposed in flaps 52,53 overlap along at a portion of the length thereof 
with the struts on first stent section 1 08. See, for example, regions G and H in Figure 1 6 which illustrates an embodiment 
of such partial overlap and juxtaposition (in plan view). First connection tab 111 and second connection tab 112 may 
be secured to the second stent section as described above. Specifically, it is particularly preferred to connect solid (i. 

20 e., non-porous) regions 117,118 to the stent section portion. 

[0062] The benefits accruing from the use of first stent section 108 in the production a bifurcated stent include: 

1. The provision of at least one solid (i.e., non-porous) region in the connection tabs facilitates attachment of the 
respective stent sections to one another (e.g., laser welding is facilitated significantly); 

25 

2. The provision of a porous surface in at least a portion of the connection tabs facilitates bending thereof for 
connection of the respective stent sections; and 

3. The provision of slots 1 1 6, particularly in second connection tab 1 1 2 (see Figure 1 5), allows the slots to function 
30 as a solid state valve at the "crotch" of the bifurcated stent thereby providing sealed, reinforcement of the bifurcated 

stent in this crucial region - this is illustrated in Figure 20 which depicts tapered openings for slots 1 1 6 in the apex 
of the bend in stem 114. 

[0063] Figure 21 illustrates an alternate embodiment of the embodiment illustrated in Figures 15-20. Specifically, in 
35 Figure 21 , second stent section 55, otherwise the same as that described hereinabove with reference to Figures 1-4, 
is adapted to include a landing 1 1 9 for receiving a solid (i.e. non-slot or non-porous) connection tab 120. Landing 119 
may be connected to connection tab 120 as described hereinabove. 

[0064] With reference to Figure 22, there is illustrated a variant to the embodiment illustrated in Figure 21 . Specif ically, 
in Figure 22, a connection tab 121 having the entire surface thereof slotted and otherwise porous is connected to 
40 landing 119. 

[0065] While this invention has been described with reference to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modifications of the illustrative embodiments, as well as other 
embodiments of the invention, will be apparent to persons skilled in the art upon reference to this description. For 
example, while first connection tab 111 and second connection tab 112 have been illustrated as being attached to first 
45 stent portion 108, it is possible to have these tabs integral with second stent portion 55. Alternatively, the connection 
tabs do not have to integral with either of the stent portions and, instead, can be custom-designed, independent con- 
nection tabs which are affixed to both stent portions. Still further, it is possible for the connection tabs (integral or 
independent) to have a different thickness than either of the stent sections. It is therefore contemplated that the ap- 
pended claims will cover any such modifications or embodiments. 

50 

Claims 

1 . An expandable bifurcated stent (1 0; 1 00) comprising a proximal end (1 5; 1 02) and a distal end (20; 104) in com- 
55 munication with one another, the proximal end comprising a primary passageway (25; 103) and the distal end 

comprising a pair of secondary passageways (30, 35; 105, 106), each secondary passageway in communication 
with the primary passageway at a first intersection (40; 107), the stent being expandable from a first, contracted 
position to a second, expanded position upon the application of a radially outward force exerted on the stent, 
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characterised in that each of the primary passageway and the secondary passageways are constructed of a 
tubular wall in the form of a substantially cylindrical tube having preselected portions thereof removed to define a 
porous surface (110) and at least one connection portion (51 , 52, 53; 11 1 , 112) are disposed at the first intersection 
for reinforcing the first intersection. 

2. The bifurcated stent defined in claim 1 , wherein the stent (1 0) comprises a first stent section (45; 1 08) connected 
to a second stent section (55). 

3. The bifurcated stent defined in claim 2, wherein an end of the first stent section (45; 108) is connected to an opening 
(54) disposed along a length of the second stent section (55). 

4. The bifurcated stent defined in claim 3, wherein a first connection portion is disposed at an end of the first stent 
section (45; 108) and is connected to the second stent section. 

5. The bifurcated stent defined any one of claims 2-4, wherein the second stent section (55) comprises a second 
connection portion along at least a portion of the periphery of the opening, the second connection portion connected 
to the first stent section. 

6. The bifurcated stent defined in any one of claims 1 -5, wherein the at least one connection portion (51 , 52, 53; 112) 
interconnects the pair of secondary passageways (30, 35; 105, 106). 

7. The bifurcated stent defined in any one of claims 1-5, wherein the at least one connection portion (51 ,52, 53; 111) 
connects one of the pair of second passageways (30, 35; 105, 106) to the primary passageway (25; 103). 

8. A method for production of a bifurcated stent defined in any one of claims 1 -7, the method comprising the step of 
connecting a first stent section to a second stent section, the first stent section having an end thereof adapted for 
connection to an opening disposed along the length of a second stent section, the first stent section and the second 
stent section being constructed of a tubular wall in the form of a substantially cylindrical tube having preselected 
portions thereof removed to define a porous surface. 

9. The method defined in claim 8, comprising the further step of disposing at least one first flap portion at the end of 
the first stent section adapted for connection to a portion the second stent section. 

10. The method defined in claim 9, wherein the at least one first flap portion is produced by folding from the end of 
the first stent section adjacent the bevelled cut. 

1 1 . The method defined in any one of claims 9-10, comprising the further step of overlapping the at least one first flap 
portion of the first stent section on to a portion of the second stent section. 

12. The method defined in any one of claims 9-11 , comprising the further step of disposing at least one second flap 
portion at a periphery of the opening disposed along the length of the second stent section. 

1 3. The method defined in any one of claims 9-1 1 , comprising the further step of disposing a pair of second flap portions 
at a periphery of the opening disposed along the length of the second stent section. 

14. The method defined in claim 12, comprising the further step of overlapping the at least one second flap portion of 
the second stent section on to a portion of the first stent section. 

1 5. The method defined in any one of claims 8-1 4, wherein the connecting step comprises welding the first stent section 
to the second stent section. 



Patentanspruche 

1. Ein expandierbarer, gegabelter Stent (10; 100), umfassend ein Proximalende (15; 102) und ein Distalende (20; 
104), welche miteinander in Verbindung stehen, wobei das Proximalende einen primaren Durchgang (25; 103) 
aufweist, und das Distalende ein Paar von sekundaren Durchgangen (30, 35; 105, 106) aufweist, wobei jeder 
sekundare Durchgang mit dem primaren Durchgang an einer ersten Verschneidung (40; 107) verbunden ist, wobei 
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der Stent aus einer ersten, zusammengezogenen Position in eine zweite, expandierte Position durch die Anwen- 
dung einer radialen Auswartskraft, welche auf den Stent ausgeubt wird, expandierbar ist, dadurch gekennzelch- 
net, dass jeder des primaren Durchgangs und der sekundaren Durchgange aus einer rohrenformigen Wand in 
der Form von einer im wesentlichen zylinderformigen Rohre ausgebildet ist, welche vorausgewahlte Bereiche 
5 umfasst, welche aus dieser entfernt worden sind, um eine porose Oberflache (1 1 0) zu bilden, und wenigstens ein 

Verbindungsbereich (51 , 52, 53; 111, 112) an der ersten Verschneidung zum Verstarken der ersten Verschneidung 
angeordnet ist. 

2. Der gegabelte Stent, wie in Anspruch 1 beschrieben, wobei der Stent (10) einen ersten Stentabschnitt (45; 108) 
io aufweist, der an einen zweiten Stentabschnitt (55) angeschlossen ist. 

3. Der gegabeite Stent, wie in Anspruch 2 beschrieben, wobei ein Ende des ersten Stentabschnittes (45; 108) an 
eine Offnung (54), welche uber einer Lange des zweiten Stentabschnittes (55) angeordnet ist, angeschlossen ist. 

15 4. Der gegabelte Stent, wie er in Anspruch 3 beschrieben wird, wobei ein erster Verbindungsbereich an einem Ende 
des ersten Stentabschnittes (45; 108) angeordnet ist und mit dem zweiten Stentabschnitt verbunden ist. 

5. Der gegabelte Stent, wie er in einem der Anspruche 2 bis 4 beschrieben wird, wobei der zweite Stentabschnitt 
(55) einen zweiten Verbindungsbereich entlang wenigstens eines Bereichs des Umfangs der Offnung aufweist, 

20 wobei der zweite Verbindungsbereich an dem ersten Stentabschnitt angeschlossen ist. 

6. Der gegabelte Stent, wie er in einem der Anspruche 1 bis 5 beschrieben wird, wobei der wenigstens eine Verbin- 
dungsbereich (51 , 52, 53; 112) das Paar der sekundaren Durchgange (30, 35; 105, 106) untereinander verbindet. 

25 7. Der gegabelte Stent, wie er in einem der Anspruche 1 bis 5 beschrieben wird, wobei der wenigstens eine Verbin- 
dungsbereich (51 , 52, 53; 1 1 1 ) einen des Paares der sekundaren Durchgange (30, 35; 1 05, 1 06) mit dem primaren 
Durchgang (25; 103) verbindet. 

8. Ein Verfahren zum Herstellen eines gegabelten Stents, wie er in einem der Anspruche 1 bis 7 beschrieben wird, 
30 wobei das Verfahren die Schritte des AnschlieBens eines ersten Stentabschnittes an einen zweiten Stentabschnitt 

umfasst, wobei der erste Stentabschnitt ein Ende aufweist, welches zum AnschlieBen an eine Offnung, welche 
uber der Lange eines zweiten Stentabschnittes angeordnet ist, angepasst ist, wobei der erste Stentabschnitt und 
der zweite Stentabschnitt aus einer rohrenformigen Wand in der Form einer im wesentlichen zylindrischen Rohre 
aufgebaut sind, aus welch er vorausgewahlte Bereiche entfernt sind, um eine porose Oberflache zu bilden. 

35 

9. Das Verfahren, wie es in Anspruch 8 beschrieben wird, femer umfassend den Schritt des Anordnens von wenig- 
stens einem ersten Klappenbereich an dem Ende des ersten Stentabschnittes, welches zum AnschlieBen an einen 
Bereich des zweiten Stentabschnittes angepasst ist. 

40 10. Das Verfahren, wie es in Anspruch 9 beschrieben wird, wobei der wenigstens eine erste Klappenbereich durch 
Abkanten von dem ersten Ende des ersten Stentabschnittes benachbart zu dem Gehrungsschnitt hergestellt wird. 

11. Das Verfahren. wie es in einem der Anspruche 9 bis 10 beschrieben wird, weiterhin umfassend den Schritt des 
Clberiappens von dem wenigstens einen ersten Klappenbereich des ersten Stentabschnittes auf einen Bereich 

45 des zweiten Stentabschnittes. 

12. Das Verfahren,. wie es in einem der Anspruche 9 bis 11 beschrieben wird, weiterhin umfassend den Schritt des 
Anordnens von wenigstens einem zweiten Klappenbereich an einem Umfang der Offnung, welche uber der Lange 
des zweiten Stentabschnittes angeordnet ist. 

50 

13. Das Verfahren, wie es in einem der Anspruche 9 bis 11 beschrieben wird, ferner umfassend den Schritt des An- 
ordnens eines Paares von zweiten Klappenabschnitten an einem Umfang der Offnung, welche uber der Lange 
des zweiten Stentabschnittes angeordnet ist. 

55 14. Das Verfahren, wie es in Anspruch 12 beschrieben wird, femer umfassend den Schritt des Uberiappens des we- 
nigstens einen zweiten Klappenabschn'rttes des zweiten Stentabschnittes auf einen Bereich des ersten Stentab- 
schnittes. 
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15. Das Verfahren, wie es in einem der Anspriiche 8 bis 14 beschrieben wird, wobei der Schritt des AnschlieBens das 
AnschweiBen des ersten Stentabschnittes an den zweiten Stentabschnitt umfasst. . 



5 Revendications 

1 . Une endoprothese bif urquee extensible (1 0 ; 1 00) comprenant une extrSmite proximale (1 5 ; 1 02) et une extremite 
distale (20 ; 104) en communication Tune avec I'autre, I'extremite proximale comprenant une voie de passage 
principale (25; 103) et I'extremite distale comprenant une paire de voies de passage secondares (30, 35 ; 105, 

10 1 06), chaque voie de passage secondaire en communication avec la voie de passage principale a une premiere 
intersection (40 ; 107), l'endoprothese etant extensible a partir d'une premiere position contractee vers une se- 
conde position dilatee iors de ('application d'une force radiaie vers I'exterieur exerc£e sur I'endoprothese, carac- 
terisee en ce que chacune des voies de passage principale et voies de passage secondares sont composers 
d'une parol tubulaire sous !a forme d'un tube sensiblement cylindrique prSsentant des parties preselection nees 

15 de celui-ci retirees afin de definir une surface poreuse (110) et au moins une partle de connexion (51 , 52, 53 ; 111 , 
112) sont disposees au niveau de la premiere intersection pour renforcer la premiere intersection. 

2. L'endoprothese bifurquee selon la revendication 1, dans laquelle I'endoprothese (10) comprend une premiere 
section d'endoprothese (45 ; 108) reliee a une seconde section d'endoprothese (55). 

20 

3. L'endoprothese bifurquee selon la revendication 2, dans laquelle une extremite de la premiere section d'endopro- 
these (45 ; 108) est reliee a une ouverture (54) disposee le long d'une longueur de la seconde endoprothese (55). 

4. L'endoprothese bifurquee selon la revendication 3, dans laquelle une premiere partie de connexion est disposee 
25 a une extremity de la premiere section d'endoprothese (45 ; 1 08) et est reliee a la seconde section d'endoprothese. 

5. L'endoprothese bifurquee selon Tune quelconque des revendications 2 a 4, dans laquelle la seconde section d'en- 
doprothese (55) comprend une seconde partie de connexion le long au moins d'une partie de la p6ripherie de 
I'ouverture, la seconde partie de connexion etant reli6e a ia premiere section d'endoprothese. 

30 

6. L'endoprothese bifurquee selon I'une quelconque des revendications 1 a 5, dans laquelle la au moins une partie 
de connexion (51, 52, 53 ; 112) relie la paire de voies de passage secondares (30, 35 ; 105, 106). 

7. L'endoprothese bifurquee selon I'une quelconque des revendications 1 a 5, dans laquelle la au moins une partie 
35 de connexion (51 , 52, 53 ; 1 1 2) relie une de la paire de voies de passage secondares (30, 35 ; 1 05, 1 06) a la voie 

de passage principale (25 ; 103). 

8. Un proc£de de production d'une endoprothese bifurquee definie dans une quelconque des revendications 1 a 7, 
le precede consistant a relier une premiere section d'endoprothese a une seconde section d'endoprothese, la 

40 premiere section d'endoprothese ayant une extremite de celle-ci adapted pour une connexion a une ouverture 
disposed le long de la longueur d'une seconde section d'endoprothese, la premiere section d'endoprothese et la 
seconde section d'endoprothese etant composees d'une parol tubulaire sous la forme d'un tube sensiblement 
cylindrique presentant des parties pres6lectionn6es de celui-ci retirees afin de definir une surface poreuse. 

45 9. Le precede selon la revendication 8, consistant en outre a disposer au moins une premiere partie a rabat a I'ex- 
tremite de la premiere section adaptee pour une connexion a une partie de la seconde section d'endoprothese. 

10. Le precede selon la revendication 9, dans lequel la au moins une partie a rabat est produite par pliage a partir de 
I'extremite de la premiere section d'endoprothese adjacente a la d6coupe biseautee. 

so 

11. Le precede selon I'une quelconque des revendications 9 a 10, consistant en outre a faire chevaucher la au moins 
une premidre partie a rabat de la premiere section d'endoprothese sur une partie de la seconde partie d'endopro- 
these. 

55 12. Le precede selon I'une quelconque des revendications 9 a 11 , consistant en outre a disposer la au moins une 
seconde partie a rabat a une p6ripherie de I'ouverture dispos6e le long de ia longueur de la seconde section 
d'endoprothese. 
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1 3. Le procede selon Tune quelconque des revendications 9 a 1 1 , consistant en outre a disposer une paire de secondes 
parties a rabat a une peripheric de i'ouverture disposee le long de la longueur de la seconde section d'endopro- 
these. 

5 14. Le procede selon la revendicatlon 12, consistant en outre a faire chevaucher la au moins une seconde partie a 
rabat de la seconde section d'endoprothese sur une partie de la premiere section d'endoprothese. 

15. Le procedd selon I'une quelconque des revendications 8 a 14, dans lequel I'etape de connexion comprend le 
soudage de la premiere section d'endoprothese a la seconde section d'endopmthese. 

10 
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FIG. 22. 
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